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LETTER  OF  TRANSMITTAL 


U.  S.  Department  of  Agriculture, 

Bureau  of  Plant  Industry, 

Office  of  the  Chief, 
WasMngtorbj  D.  C,  January  11 ,  1910. 
Sir:  I  have  the  honor  to  transmit  herewith  and  to  recommend 
for  publication  as  Bulletin  No.  177  of  the  series  of  this  Bureau  a 
manuscript  entitled  "A  Protected  Stock  Range  in  Arizona,"  by 
Dr.  David  Griffiths.  This  paper  has  been  submitted  for  publication 
by  Prof.  W.  J.  Spillman,  Agriculturist  in  Charge  of  the  Office  of 
Farm  Management. 

This  is  the  second  report  upon  range  investigations  in  the  Santa 
Rita  National  Forest  in  cooperation  with  the  University  of  Arizona. 
It  portrays  the  effects  of  proper  protection  of  the  native  pastures  of 
the  region  and  shows  that  results  are  much  more  certain  of  accom- 
plishment by  proper  management  than  by  attempting  reseeding 
operations. 

Respectfully, 

A.  F.  Woods, 
Acting  Chief  of  Bureau. 
Hon.  James  Wilson, 

Secretary  of  Agriculture. 
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A  PROTECTED  STOCK  RANGE  IN  ARIZONA. 


INTRODUCTION. 

This  report  is  one  of  progress  simply  and  is  necessarily  incomplete, 
the  details  being  purposely  omitted.  Many  essential  facts  are  also 
left  out,  because  they  have  been  included  in  a  previous  bulletin  a 
of  the  series  of  the  Bureau  of  Plant  Industry. 

The  investigations  really  date  from  1903,  when  a  tract  of  land 
49.2  square  miles  in  area  upon  the  Coronado  National  Forest  was 
closed  to  grazing  by  arrangement  with  the  Forest  Service  and  in 
cooperation  with  the  agricultural  experiment  station  of  the  University 
of  Arizona.  Since  that  time  another  small  tract  of  nearly  a  section 
has  been  inclosed  and  cooperative  arrangements  entered  into  with 
four  ranchers  contiguous  to  the  south  and  east  line  of  the  large 
tract  whereby  the  investigations  will  be  considerably  benefited  in 
extent  of  territory,  diversity  of  conditions,  and  interpretation  of 
results  by  practical  range  operators.  The  map,  figure  1,  shows  the 
area  covered  and  the  locations~of  the  different  pastures.  A  record 
of  the  operation  of  these  areas  under  different  systems  of  manage- 
ment during  the  next  few  years  ought  to  throw  important  light  upon 
the  value  of  the  proper  handling  of  these  semidesert  lands. 

EARLY  HISTORY  OF  THE  INCLOSED  AREA. 

Before  the  inclosure  of  this  area  it  was  open  range,  and  large  herds 
have  fed  here  for  years.  The  cattle  usually  come  over  in  the  fall  from 
the  other  side  of  the  mountains  and  remain  until  the  April  round-ups. 
In  the  upper  portion'of  the  field  there  was  once  a  ranch  of  one  of  the 
largest  cattle  companies  of  southern  Arizona,  which  has  always  been 
heavily  grazed,  but  much  heavier  in  times  past  than  during  the  last 
few  years  before  the  inclosure  was  made.  All  in  all,  it  may  be  said  that 
heavy  pasturing  was  the  rule  here  for  many  years  previous  to  that  time. 
(Compare  the  two  illustrations  shown  in  Plate  I.)  A  portion  of  the 
area  farthest  from  water,  mostly  on  the  edge  of  the  perennial-grass 

« Bulletin  67,  Bureau  of  Plant  Industry,  U.  S.  Dept.  of  Agriculture,  entitled  "Range 
Investigations  in  Arizona."     1904. 
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area,  was  grazed  only  during  the  wet  season  when  it  could  be  reached 
by  stock.  It  was  therefore  in  much  better  condition  than  that  lying 
closer  to  the  mountains,  where  water  was  more  convenient. 


B  M  =  Bench  marks  of 
U.S.  Geo/og/'ca/  So  rye 

-     ■       Roads. 

Contours 

McC,  MocB.,  /?,/?.,  =  initials  of 
pr/i/ate  owners  of  pastures 

A   (after  numbers.)  =  Acres. 


Fig.  1.— Map  of  fenced  pastures  in  the  Coronado  National  Forest,  compiled  from  maps  by  the  United 
States  Geological  Sdrvey,  the  Forest  Service,  and  the  Bureau  of  Plant  Industry. 


HISTORY  OF  THE  AREA  SINCE   1903. 

The  large  field  was  inclosed  in  June,  1903.  By  the  first  of  the  year 
1908  the  pastures  marked  upon  the  map  (fig.  1)  P.,  R.,  and  MacB. 
were  sufficiently  inclosed  to  permit  the  control  of  stock  in  them,  and 
the  inclosures  were  completed  later.  These  areas  were  inclosed  by 
ranchers  in  cooperation  with  the  Department  of  Agriculture.  The 
204-acre  pasture  was  inclosed  years  ago  and  has  been  moderately 
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Plate  I. 


Fig.  1.— Range  Land  Inside  and  Outside  of  the  Fenced  Area  in  June,  1903. 


Fig.  2— Range  Land  Inside  and  Outside  of  the  Fence  Line  in  April,  1905. 


PASTURES   SHOWING    IMPROVEMENT    DUE    TO    TWO    YEARS'    PROTECTION 

BY    FENCING. 


SURFACE    COVERING.  9 

stocked  ever  since.     A  large  part  is  in  heavy  brush,  and  consequently 

not  as  productive  as  it  would  otherwise  be.  A  few  head  of  stock  have 
been  allowed  in  the  590-acre  pasture  since  it  was  fenced,  but  the  large 
area  has  had  no  stock  upon  it  since  it  was  inclosed  except  an  occa- 
sional stray.  The  pastures  P..  i?..  and  MacB.  have  been  handled  by 
their  owners  very  much  as  their  judgments  dictated,  a  record  being 
kept  in  all  cases  of  just  what  treatment  each  pasture  received. 

SURFACE  COVERING. 

The  accumulation  of  dead  herbage  upon  the  surface  of  the  soil  of 
the  area  takes  place  very  slowly.  Y\  lien  the  growth  first  dries  up  in 
the  fall  after  a  good  rainy  season  there  is  an  accumulation  of,  perhaps. 
a  thousand  pounds  of  dry  matter  to  the  acre.  This  is  enough  to  make 
a  big  fire  if  ignited  shortly  after  the  dry  season  sets  in.  If  left  upon 
the  ground  for  one  year  in  this  climate,  however,  it  largelv  disappears, 
from  the  action  of  wind  and  weather,  so  that  the  accumulation,  while 
surely  taking  place  from  year  to  year,  is  very  slow.  In  this  inclosure 
after  six  years  of  protection  there  is  in  no  portion  of  it  a  complete 
ground  cover  during  the  entire  year.  There  is,  it  is  true,  at  the  close 
of  the  rainy  season  grass  two  feet  or  more  high  in  some  places,  but.  as 
is  characteristic  of  desert  vegetation,  it  is  thin  and  largely  disappears 
before  the  next  season.  In  the  lower  portion  of  the  held,  where  the 
annual  grasses  predominate,  the  accumulation  is  next  to  nothing, 
but  it  gradually  increases  toward  the  higher  level  and  is  most  abun- 
dant  in  the  extreme  southern  portion  of  the  inclosure.  (See  PL  IV, 
fig.  2.)  The  occurrence  of  a  dry  year  largely  obliterates  any  cover 
that  may  have  accumulated  during  the  previous  season.  In  short, 
even  after  six  years  of  protection  there  is  now  in  the  lower  portion  of 
the  field  practically  no  ground  cover,  and  in  all  probability  there 
never  has  been  any.  In  the  upper  portion,  while  the  growth  increases 
under  protection,  there  is  yet  only  about  half  a  cover  on  the  ground 
during  the  entire  year.  In  the  upper  country,  at  an  altitude  of  3,500 
feet  and  upward,  a  large  accumulation  of  dead  herbage  can  be  kept 
upon  the  ground  under  a  good  system  of  management,  as  is  being 
done  in  some  private  and  cooperative  pastures  in  the  region  now, 
but  below  this  altitude  the  ground  cover  is  not  a  factor  of  much 
consequence,  for  the  grasses  are  mostly  annual.  Of  course,  upon 
the  swales  winch  receive  flood  waters  the  sfalleta  and  other  classes 
make  a  large  growth  and  protect  the  surface,  but  such  areas  do  not 
occur  in  the  inclosures  here  described. 

It  will  be  seen  that  the  matter  of  growth  is  one  of  distribution  of 
moisture,  which  is  influenced  by  altitude.  As  stated  elsewhere,  the 
rainfall  quoted  in  tins  paper  is  taken  in  the  204-acre  pasture.  This 
point  probably  receives  more  rainfall  than  any  portion  of  the  large 
inclosure,  the  precipitation  decreasing  gradually  northward  until  one 
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reaches  a  point  where  it  is  too  light  to  support  the  perennial  grasses. 
However,  a  few  miles  to  the  northeast  of  the  field  there  is  an  area  of 
lower  ground  where  hay  has  frequently  been  cut,  but  this  is  due  to 
the  spread  and  accumulation  of  flood  waters  over  the  surface.  It  is 
more  than  probable  that  the  rainfall  where  the  gauge  is  located  is 
from  1^  times  to  twice  that  in  the  lower  (northern)  portion  of  the 
field,  which  represents  more  closely  the  conditions  obtaining  around 
Tucson.  Besides,  the  distribution  of  rainfall  is  much  better  in  the 
upper  portion  of  the  inclosure,  more  frequent  rains  occurring  than  in 
the  low  altitudes. 

CONDITIONS  INSIDE  AND  OUTSIDE  OF  THE  FENCED  AREA. 

Upon  the  north  and  the  west  sides  of  the  field  there  is  practically 
no  difference  between  the  inside  and  the  outside  of  the  inclosure. 
There  are  two  reasons  for  this.  The  north  and  northwest  portions 
are  the  least  productive  of  the  field,  and  in  this  neighborhood  water 
is  a  long  way  off,  so  that  the  stock  graze  here  very  little.  Indeed, 
there  have  been  but  few  cattle  in  the  vicinity  of  the  fence  from  the 
private  pastures  to  the  northwest  corner  for  two  years.  (See  map, 
fig.  1.)-  As  a  consequence,  upon  the  southwest  side  a  small  crop  of 
hay  was  cut  on  the  outside  of  the  fence  last  year. 

On  the  east  side,  outside  of  the  inclosure,  the  pasture  is  very  short, 
having  been  grazed  for  years  by  horses  and  sheep.  The  conditions 
here  are  most  instructive.  The  year  1908  was  a  favorable  one  and, 
consequently,  in  spite  of  the  heavy  grazing,  some  of  the  valuable 
perennial  grama  grasses  matured  seed  to  a  much  greater  extent 
than  in  former  years.  This  illustrates  the  extreme  persistency  of 
these  grasses.  They  may  be  greatly  abused  even  in  this  easily 
eroded  and  parched  region,  but  when  a  favorable  season  occurs  they 
again  make  their  appearance  and  will,  if  husbanded  for  a  few  years, 
regain  their  supremacy.  There  is  no  doubt  that  there  was  at  least 
ten  times  as  much  growth  of  these  valuable  perennials  in  1908  as 
there  had  been  for  the  previous  three  or  four  years.  On  the  whole, 
there  was  in  1908  a  fairly  good  crop  of  vegetation  on  this  badly 
denuded  region  tributary  to  Helvetia,  but  it  consisted  in  largest  meas- 
ure of  the  six- weeks'  grasses,  which  are  the  poorest  in  the  region. 

From  McCleary's  south  gate  to  Helvetia  the  area  next  to  the  gov- 
ernment fence  is  now  entirely  protected  by  private  holdings.  (See 
map,  fig.  1.)  Although  some  of  these  have  been  only  partially  pro- 
tected from  the  very  excessive  grazing  of  the  previous  years  for 
somewhat  less  than  twelve  months,  there  is  a  phenomenal  difference 
between  them  and  the  outside  range.  In  one  instance  an  inclosure 
of  nine  months'  duration  can  be  recognized  for  a  distance  of  six  or 
more  miles  even  though  the  area  has  been  grazed  moderately  all  the 
time. 
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NATURAL  RESEEDING. 

Nature  is  normally  profligate  in  her  seed  supply.  It  seems  at 
times,  especially  with  desert  plants,  that  germination  will  insure  seed 
production;  in  other  words,  many  plants  which  have  sufficient 
moisture  for  germination  seldom  fail  to  produce  some  seed.  Indeed, 
in  an  average  season  the  annual  plants  of  the  desert  produce  enough 
seed  to  restock  the  same  land  and  insure  as  large  a  subsequent  crop 
as  the  sterile  soils  can  maintain.  A  small  percentage  of  the  more 
common  plants  grow  each  year  and  in  turn  produce  seed.  As  an 
example  we  might  cite  Bouteloua  aristidoides .  A  season  is  seldom 
so  dry  that  some  of  this  grass  will  not  grow  and  produce  seed.  The 
plants  may  be  a  foot  high  and  yield  very  little  seed,  or  the  spikes  in  a 
favorable  year  may  equal  the  entire  length  of  the  plant  in  an  unfavor- 
able one. 

It  is  different,  however,  with  the  perennial  grasses.  A  season 
which  produces  an  abundance  of  seed  may  be  followed  by  one 
unsuited  to  the  growth  of  seedlings,  and  consequently  the  crop  of 
seed,  although  it  falls  to  the  ground,  may  be  largely  lost.  Since 
the  Department's  operations,  in  the  Santa  Rita  Mountains  were 
begun  there  have  been  but  two  years  favorable  for  reproduction. 
The  season  of  1907,  although  not  so  prolific  as  the  subsequent  one, 
produced  an  abundance  of  seed  of  Bouteloua  rothrockii  and  Bouteloua 
bromoides,  two  of  the  most  important  grasses  in  this  region.  This 
was  followed  by  a  very  favorable  season  in  1908.  There  was  con- 
sequently an  exceptionally  good  growth  of  seedlings  that  season.  It 
is  quite  possible  that  the  seedlings  of  these  two  grasses  over  the 
entire  areas  in  which  they  are  peculiarly  characteristic  would  average 
from  four  to  six  to  the  square  foot.  These  seedling  plants  were  all 
well  established  and  in  thrifty,  vigorous  growing  condition  on  October 
1,  1908. 

The  condition  of  these  seedlings  the  next  season  was  not  only  of 
scientific  interest  but  of  exceeding  economic  importance.  If  they 
all  grew  to  maturity  and  produced  plants  the  next  year  as  vigorous 
and  large  as  those  that  grew  on  the  same  area  the  yield  ought  to  be 
increased  50  per  cent,  other  conditions  being  equal.  This  condition, 
of  course,  was  beyond  the  range  of  probability,  because  such  a  yield 
would  be  beyond  the  capacity  of  these  desert  lands  to  produce.  As 
a  matter  of  fact  it  is  doubtful  whether  the  yield  of  perennials  in  the 
upper  portion  of  the  field  was  much  greater  in  1909  than  in  1908,  in 
spite  of  the  large  number  of  seedlings  of  1908.  Natural  selective 
influences  work  to  thin  this  stand  to  the  typical  thin,  scattering, 
bunchy  condition  best  adapted  to  maximum  production  upon  arid 
lands,  a  principle  becoming  better  and  better  recognized  in  the 
growing  of  farm  crops  with  small  amounts  of  rainfall.  Thin  seeding 
is  now  recognized  to  be  best  under  such  conditions.     The  difference 
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between  a  good  crop  and  a  small  one  in  the  perennial-grass  region  of 
these  deserts  is  not  so  much  due  to  a  larger  number  of  plants  as  to 
larger  plants  or  clumps  of  plants. 

Our  experience  upon  this  inclosed  tract  seems  to  indicate  that  the 
natural  restocking  of  the  perennial  range  by  new  plants  takes  place 
at  irregular  intervals.  The  ratio  of  increase  may  bear  no  relation  to 
the  quantity  of  seed  produced  the  previous  year.  In  other  words, 
a  favorable  season  for  seed  germination  following  a  poor  season  of 
seed  production  may  develop  vastly  more  seedlings  than  one  of  poor 
distribution  of  moisture  following  an  abundant  seed  production. 
Since  this  area  was  fenced,  there  has  been  but  one  season  when  the 
production  of  perennial-grass  seedlings  failed  almost  entirely.  On 
the  other  hand,  there  have  been  but  two  years  in  five  when  a  decided 
increase  was  noticed,  the  increase  in  1907-8  being  enormously  greater 
than  any  of  the  others. 

ARTIFICIAL  RE  SEEDING. 

Many  attempts  have  been  made  to  introduce  forage  plants  in  this 
section,  both  in  the  large  inclosure  and  upon  the  holdings  of  private 
individuals  in  the  vicinity.  There  is  but  one  species  that  has  given 
any  beneficial  results.  Alfilerilla  (Eurodium  cicutarium)  has  been 
tried  several  times  and  in  various  situations.  In  brushy  pastures  in 
the  upper  foothills  it  has  produced  a  thick  mat  of  herbage  some  years, 
while  in  others  the  growth  has  been  poor.  All  in  all  it  has  done  well 
in  patches,  but  only  in  the  most  favorable  situations,  in  rather  loose 
soil,  where  the  grazing  has  been  quite  heavy  and  there  is  open 
mesquite  brush.  This  plant  grows  in  the  winter;  consequently, 
the  shade  furnished  by'  the  mesquite  is  at  a  minimum  when  the 
plant  grows.  It  has  taken  four  or  five  years  for  it  to  become  well 
established. 

In  the  open  foothills,  where  the  best  pasture  is  found,  the  growth 
of  this  plant  has  been  of  no  consequence.  It  has  been  started  in 
several  places,  and  indeed  there  were  patches  of  it  to  be  found  in 
several  situations  when  the  field  was  inclosed,  but  even  these  have 
not  spread.  In  short,  the  plant  does  not  appear  to  be  able  in  this 
situation  to  compete  with  native  vegetation  when  the  latter  is  not 
grazed.  In  one  locality,  along  the  fence  line,  there  has  been  for 
years  a  patch  of  a  few  acres  established  no  one  knows  how,  but  prob- 
ably by  sheep.  This  has  been  watched  with  interest,  but  the  growth  of 
alfilerilla  has  been  less  under  protection  than  in  the  open  where  the 
land  was  heavily  grazed. 

In  all,  some  two  hundred  species  of  forage  plants  have  been  planted 
in  this  inclosure.  Many  native  species  were  tried,  but  the  vast 
majority  used  were  of  foreign  importation.  At  one  time  the  Office 
of  Forage-Plant  Investigations  of  the  Bureau  of  Plant  Industry  fur- 
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nished  more  than  one  hundred  varieties  for  testing.  In  some  eases 
the  seed  was  covered  and  in  others  scattered  without  any  further 
attention.  The  plan  has  been,  whenever  the  quantity  of  seed  per- 
mitted, to  sow  one-half  in  the  fall  and  one-half  in  the  early  summer. 
In  some  cases  the  ground  was  worked  up  sufficiently  to  kill  about  half 
of  the  original  vegetation. 

The  net  economic  result  of  all  this  foreign  introduction  has  been 
practically  nil.  It  is  not  necessary  to  go  into  details  regarding  these 
plantings,  even  to  the  extent  of  publishing  a  list  of  the  seeds  planted. 
Most  of  the  species,  in  our  experience,  have  never  come  up.  and  the 
few  things  that  did  make  any  growth  usually  died  before  seed  was 
produced. 

In  1906  large  quantities  of  wild  oats  (Arena  fatua  and  A.  barbata) 
were  planted  in  June.  Germination  was  very  good,  and  by  the  1st 
of  January,  1007.  the  plats  were  promising,  but  the  plants  soon 
dried  up.  never  getting  over  about  2  inches  high.  The  seed  did  not 
germinate  until  the  winter  rains  set  in.  The  previous  year  seed  of 
bur  clover  (Mtdieago  denticulate)  from  California  was  sown  in  large 
quantity  and  well  covered.  It  started  beautifully,  but  dried  up  and 
died  in  April  when  about  2  inches  high,  with  no  seed  production. 

Tucolote  (Bromus  maximus)  matured  a  few  plants  from  one  of  the 
several  seedings  made,  but  seems  to  have  disappeared  entirely.  This 
is  one  of  the  most  aggressive  species  upon  the  California  ranges.  It 
might  not  be  a  detriment  here,  for  it  is  a  winter  annual,  and  therefore 
would  come  in  competition  with  only  weedy  spring  plants  and  would 
probably  have  no  effect  on  the  crop  of  forage  which  comes  in  summer. 

Results  in  reseeding.  so  far  as  these  experiments  have  progressed, 
can  be  secured  much  more  satisfactorily  by  the  use  of  seed  of  native 
forage  plants  than  by  the  use  of  the  seed  of  plants  from  foreign 
countries.  But  even  with  these  the  results  are  not  commensurate 
with  the  expense  of  getting  the  seed  and  growing  it.  Much  more 
satisfactory  results  have  thus  far  been  obtained  by  husbanding  the 
native  vegetation  and  grazing  well  within  the  capacity  of  the  land 
to  maintain  stock.  In  short,  so  far  as  information  gamed  from 
experiments  thus  far  conducted  is  concerned,  these  lands,  although 
very  badly  overgrazed,  will  return  approximately  to  their  original 
productivity  under  complete  protection  in  about  three  average  years. 
Complete  protection,  however,  is  not  necessary,  though  of  course  it 
will  take  longer  to  restore  lands  to  their  full  productivity  when 
grazing  is  practiced. 

These  remarks  apply  only  to  the  plants  already  tried,  the  majority 
of  which  had  some  claim  to  succeeding  in  dry  situations.  It  is  not 
impossible  that  some  foreign  plants  may  yet  be  found  which  will 
succeed  here,  and  all  which  have  any  chance  of  success  should  be 
tried.     But    meantime  proper  handling  of   the  native  vegetation  is 
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urged — a  system  of  grazing  which  it  is  well  within  the  capacity  of 
the  land  to  maintain. 

A  number  of  native  grasses  have  been  caused  to  spread  success- 
fully by -gathering  the  seed  in  advantageous  localities  and  simply 
scattering  it  where  the  ground  was  badly  denuded.  Better  results 
have  been  obtained  when  seeding  was  done  the  last  of  June  or  the 
first  of  July.  When  sown  in  autumn  the  ants  pick  up  too  many  of 
the  seeds.  Beneficial  results  have  been  secured  in  this  way  by  the 
use  of  the  seed  of  Andropogon  saccliaroides ,  Bouteloua  vesiita,  and 
B.  rothrockii.  Less  positive  results  have  been  secured  by  the  use 
of  native  seed  of  Bouteloua  curtipendula  and  Leptochloa  dubia.  Indif- 
ferent results  have  been  secured  with  Bouteloua  oligostacJiya.  It 
should  be  noted  that  the  last  is  a  very  important  grass  on  the  east 
side  of  the  Santa  Rita  Mountains,  but,  so  far  as  the  writer  knows, 
it  does  not  occur  on  the  northwest  side  of  the  divide  except  in  one 
small,  well-established  patch.  The  origin  of  this  is  not  certain,  but 
it  is  believed  that  it  was  established  by  seeding  done  in  1901.  It  is 
a  beautiful,  vigorous  growth  in  a  place  which  was  badly  denuded 
at  that  time. 

The  above  illustrations  of  the  successful  use  of  native  species  are 
important  and  interesting,,  but  they  have  no  applicability  to  open- 
range  conditions.  However,  where  the  land  is  under  fence  and  seed 
can  be  secured  in  the  vicinity  without  too  much  expense,  improve- 
ments can  be  made  in  very  badly  trampled  areas.  When  the  roots 
of  the  native  growth  are  not  completely  destroyed,  it  is  questionable 
whether' in  such  situations  as  this  recuperation  would  not  occur  fully 
as  rapidly  by  proper  protection  from  overgrazing  without  the  use  of 
seed  as  with  it. 

It  must  be  remembered  that  the  chances  of  failure  of  seed  in  such 
a  region  are  very  great.  It  is  not  necessary  to  discuss  at  length  the 
contributing  causes.  They  are  many.  The  most  important  are  the 
irregularity  and  the  uncertainty  of  the  rainfall. 

TEMPORARY  CHANGES  IN  VEGETATION. 

The  most  striking  changes  in  vegetation  are  those  which  take 
place  from  year  to  year  in  annual  plants,  and  this  is  always  noticeable 
in  any  region  where  the  annual  vegetation  predominates.  As  a  con- 
crete example,  the  growth  upon  one  of  the  inclosures  in  1907  may 
be  compared  with  that  of  1908.  In  a  badly  denuded  portion  of  one 
of  the  fields  a  blue-flowered,  aster-like  composite  (Machalranthera  sp.) 
was  decidedly  conspicuous.  It  was  estimated  that  in  1907  one 
could  have  cut  with  a  mower  at  least  50.0  pounds  of  dry  matter  to  the 
acre  from  a  large  area.  In  1908  one  would  have  been  obliged  to  cut 
not  less  than  30  acres  to  secure  500  pounds.  The  only  place  that  the 
plant  grew  the  second  year  was  along  washes  and  rivulets,  which, 
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Plate  II. 


Fig.  1.— Field  of  Bouteloua  rothrockii  in  a  Good  Season,  1908. 


Fig.  2— Field  of  Bouteloua  rothrockii  in  a  Poor  Season,  1907. 


COMPARATIVE  GROWTH    OF    GRASS  ON    RANGE    LANDS    IN    A  GOOD   AND   A 

POOR  SEASON. 
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however,  never  had  water  exeept  during  a  rain.  In  1908  this  aster- 
like plant  was  supplanted  by  Bouteloua  aristidoides ,  Aristida  bro- 
moides,  and  other  weedy  annual  grasses.  Besides  these,  there  was  a 
thin  and  very  irregular  growth  of  such  valuable  perennials  as  Bou- 
idoua  roihrockii,  Bouteloua  bromoides,  Leptochloa  dubia,  and  Bou- 
teloua vestita.  Tins  area  was  in  the  590-aere  inclosure  (marked 
r.  S.  R.  on  the  map,  fig.  1).  The  changes  were  more  noticeable 
than  in  the  large  field' because  the  small  field  was  more  completely 
denuded  of  its  vegetation.  It  is  quite  probable  that  the  productive 
capacity  of  the  small  field  is  much  below  the  average  of  similar 
portions  of  the  other  field. 

But  such  differences  in  vegetation,  comparing  one  year  with 
another,  are  very  striking.  There  has  not  been  one  year  in  ten  when 
there  was  such  a  crop  of  Plantago  fastigiata  throughout  the  region 
(see  PL  V,  fig.  2)  as  in  the  spring  of  1901.  In  the  large  field,  even 
with  similar  rainfall,  there  occurs  an  ascendency  of  one  plant  one 
year  and  of  another  plant  another  year,  and  this  is  more  especially 
true  of  the  growth  of  the  spring  season,  which  is  more  truly  annual. 
One  year  the  Arizona  lupine  (Lupinus  arizonicus)  gives  its  charac- 
teristic color  to  the  landscape.  Another  year  may  witness  the  same 
with  reference  to  Ortlioenrpnx  jm ,- purascens  palmeri.  Lotus  Jtumis- 
tratus  may  be  the  abundant  species  another  year,  and  Pectocarya 
linearis  another.  In  the  upper  portion  of  the  large  inclosure  at  the 
present  time  there  is  a  good  stand  of  perennial  grasses.  These  grow 
in  the  relatively  humid  summer  season.  During  the  summer  there 
is  a  very  sparse  growth  of  annuals.  In  the  spring,  however,  this 
region  which  grows  grass  in  summer  has  its  complement  of  annuals, 
and  the  relative  abundance  of  the  species  varies  about  the  same  as  it 
does  on  the  lower  portion  of  the  field,  where  the  perennials  do  not 
occur. 

So  far  as  known,  no  one  has  ever  offered  an  explanation  for  these 
yearly  variations  of  annual  vegetation.  The  change  in  the  aspect 
and  balance  of  the  species  occurs  in  the  annuals  only.  There  has 
been  no  change,  so  far  as  anyone  can  see,  in  the  areas  of  Bouteloua 
rothrockii,  Bouteloua  bromoides,  Aristida  divaricata,  or  Aristida  cali- 
fornica  in  the  large  inclosure  since  the  beginning,  excepting  a  gradual 
thickening  up  of  the  respective  species  and  a  consequent  shutting  out 
of  the  annuals.     (See  Pis.  II  and  III.) 

PERMANENT  CHANGES  IN  VEGETATION. 

The  rancher  in  this  region  is  only  half  wrong  when  he  asserts,  as 
he  commonly  does,  that  the  six- weeks'  weedy  and  low-quality  grasses 
have  recently  taken  the  range  and  driven  out  what  he  calls  "root 
grasses,"  or  the  more  valuable  perennials.  It  is  only  the  last  portion 
of  the  statement  that  is  false.     The  perennials,  or  more  valuable 
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species,  have,  it  is  true,  disappeared,  but  they  were  not  driven  out  by- 
annuals,  but,  on  the  contrary,  by  the  rancher's  cattle. 

The  annual  grasses  of  this  region,  such  as  Bouteloua  aristidoides 
and  Aristida  bromoides,  are  not  much  relished  by  stock.  They  have 
harsh,  hard  glumes  which  penetrate  the  flesh.  They  dry  up  early, 
leaving  but  little  substance,  and,  more  than  all  this,  they  pull  up  by 
the  roots  when  grazed  and  carry  with  them  sand  and  dirt.  They  are 
therefore  not  eaten  while  the  perennials  are  available.  When  the 
latter  become  impoverished  by  excessive  grazing  the  former  flourish. 
The  ranges  have  therefore  at  present  a  larger  proportion  of  weedy 
annuals,  not  because  the  latter  are  more  aggressive,  but  because  the 
former  have  been  impoverished  and  to  a  large  extent  in  many  sec- 
tions killed  out  by  overgrazing. 

One  thing  at  least  has  been  conclusively  proved  in  this  experiment, 
i.  e.,  that  the  perennials  which  once  flourished  here  and  which  have 
been  decidedly  injured  by  stock  will  again  regain  their  ascendency 
over  the  weedy  annuals  when  given  a  measure  of  protection.  The 
Bouteloua  roihrockii  and  Bouteloua  bromoides  areas  were  not  only  less 
productive  of  these  perennial  grasses  when  the  inclosure  was  made 
but  were  actually  more  productive  of  the  annuals  Bouteloua  aristi- 
doides and  Aristida  bromoides.  (See  Pis.  II  and  III.)  The  gradual 
encroachment  of  the  perennials  upon  the  region  of  annual  grasses 
has  been  one  of  the  most  notable  features  since  the  area  was  inclosed, 
and  is  yet  in  all  probability  only  partially  accomplished. 

The  regaining  of  ascendency  by  the  perennials  is  slow  here,  much 
slower  than  in  regions  favored  by  a  more  equitable  rainfall.  As 
stated  elsewhere,  it  is  only  in  an  occasional  season  that  seed  of  the 
perennials  appears  to  find  conditions  congenial  for  growth.  This, 
coupled  with  the  fact  that  the  annuals  invariably  encroach  at  this 
altitude  whenever  the  perennials  are  injured,  renders  the  process  of 
recuperation  slow  here  compared  with  that  in  northern  regions  of 
more  favorable  rainfall  and  a  less  easily  eroded  soil. 

On  the  other  hand,  the  increased  growth  of  an  even  partially  pro- 
tected area  is  phenomenal.  One  of  the  inclosures  completed  very  late 
in  1907  can  be  distinguished  at  the  present  time  for  miles  by  the  differ- 
ence between  the  character  of  its  vegetation  and  that  of  the  vegeta- 
tion outside,  and  it  has  been  grazed  continuously  at  that,  but  only 
moderately. 

Last  season  one  of  the  fields  inclosed  was  as  badly  grazed  as  the 
Macaranthera  area  already  referred  to,  but  grew  a  fine  crop  of  a 
yellow  annual  composite.  Although  it  was  in  one  of  the  best  peren- 
nial-grass regions  on  the  west  side  of  these  mountains,  there  was 
practically  no  grass  there  except  a  poor  growth  of  the  six-weeks' 
varieties.     This  season  there  is,  of  course,  after  such  excessive  graz- 
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Plate  III. 


Fig.  1.— A  Close  View  of  the  Southeastern  Fortion  of  the  Inclosed  Area. 


WEEDS.  17 

Lng,  only  a  moderate  growth  of  the  perennials,  but  at  least  tenfold  as 
much  as  there  was  last  year,  and  a  very  heavy  growth  of  the  annuals. 
Judging  from  what  has  taken  place  upon  the  first  large  inclosure,  the 
annuals  will  gradually  give  way  to  the  perennials  during  the  next 
four  or  five  years  and  at  the  same  time  withstand  a  considerable 
amount  of  grazing. 

Below  an  altitude  of  about  3,500  feet  we  come  to  the  desert  proper, 
where  the  summer  grasses  are  mainly  of  the  annual  type,  always  have 
been,  and  probably  always  will  be.  Below  this  altitude  the  only 
perennial  grasses  are  those  which  are  favored  by  occasional  irrigation, 
in  long  arroyos  and  swales,  where  the  drainage  from  higher  levels 
spreads  out  over  them.  There  is  no  hope  of  establishing  perennials 
upon  the  lower,  unirrigated  mesa  lands.  When  rains  are  favorable 
the  low-lying  regions  will  produce  some  indifferent  feed  in  the  shape 
of  annuals,  and  that  is  all  that  can  be  hoped  for  them. 

PECULIARITIES  OF  THE  FEED. 

The  appearance  of  the  feed  upon  the  ground  is  deceptive  in  any 
desert  country,  but  more  especially  in  the  area  described  in  this  bul- 
letin. The  growth  is  invariably  thin,  but  'it  may  be  quite  tall,  espe- 
cially in  favorable  years,  making  difficult  an  estimate  of  the  quantity 
of  feed  produced.  This  is  true  of  the  growth  in  general  upon  a  desert 
region.  The  most  deceptive  grass  of  all  is  the  one  locally  known  as 
black  gama  ( MuMenbergia  porteri).  (See  PI.  IV,  fig.  1.)  In  early  days 
this  grass  was  exceedingly  conspicuous,  growing  in  tangled  masses  2 
to  3  feet  high,  both  in  clumps  of  shrubbery  and  in  the  open.  The 
pioneer  stockman  calculated  the  productivity  upon  what  he  saw  of 
this  species,  supposing  that  he  was  dealing  with  a  grass  of  ordinary 
character.  But  the  pioneer  saw  three  or  four  years'  growth,  for  the 
culms  of  this  grass  are  perennial,  only  the  terminal  joints  dying  back 
each  season.  AVhen,  therefore,  an  area  is  unpastured  for  a  time  there 
is  actually  an  accumulation  of  feed  from  year  to  year  of  this  grass 
and  some  others,  while  the  ordinary  grasses  die  and  grow  up  again 
from  the  roots  each  year.  The  deception  is  really  serious,  as  is  readily 
seen  if  one  mistakes  three  or  four  years'  growth  for  one  and  stocks 
the  land  accordingly.  This  is  precisely  what  has  happened  in  many 
cases.  It  is  no  wonder  that  some  managers  of  stock  companies 
insisted  that  the  country  could  not  be  overstocked,  nor,  indeed,  would 
it  probably  be  if  the  production  which  the  pioneer  saw  could  be 
repeated  with  certainty  each  year. 

WEEDS. 

There  are  really  but  two  weeds  in  the  inclosure,  but  they  are  both 
somewhat  serious.  One  is  one  of  the  rayless  golden-rods  (Isocount 
coronopifolia)  (PL  IV,  fig.  1),  not  distantly  related  to  the  sheep  weeds 
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and  snake  weeds  of  New  Mexico,  Texas,  and  northern  Arizona. 
Here  this  plant  has  spread  upward  from  the  river  bottom  and  now 
occupies  the  rocky  ridges  and  mesas  between  the  grassy  section  and 
the  more  level  desert  lands  below.  It  has  thickened  and  increased 
perceptibly  during  the  last  five  years.  The  rainfall  in  the  region  where 
it  is  most  abundant  was  very  light  in  1908,  and  it  consequently 
riiade  but  little  growth.  No  one  can  tell  what  the  future  of  this  plant 
may  be;  it  is  quite  probable  that  the  grasses  unmolested  would  hold 
their  own  against  its  encroachments,  but  with  the  grassy  vegetation 
weakened  by  grazing  it  may  increase  to  such  an  extent  as  to  crowd 
out  nearly  all  of  the  valuable  plants,  as  is  done  over  thousands  of 
acres  in  other  regions  by  species  of  Gutierrezia. 

Remedies  which  are  effective  and  at  the  same  time  economically 
applied  in  the  control  of  the  variety  of  rayless  golden-rod  mentioned 
have  not  been  perfected  as  yet.  Burning  in  the  dry  season  in  sum- 
mer will  kill  some  species  of  the  group.  In  other  words,  if  there  is 
sufficient  herbage  upon  the  ground  to  burn  during  the  vegetative 
condition  of  these  plants  they  will  be  killed  by  burning  the  land  over, 
but  burning  during  the  winter  season,  when  they  are  dormant,  will 
not  kill  them. 

In  the  region  under  consideration  the  golden-rod  referred  to  has 
increased  mainly  below  the  grassy  area,  such  increase  having  taken 
place  but  partially  during  the  time  that  the  area  has  been  under 
protection.  The  encroachment  evidently  had  begun  years  before. 
It  is  not  yet  thick  enough  to  burn,  even  during  the  dormant  dry 
season.  Should  all  the  young  plants  in  evidence  in  1908  come  to 
maturity,  which  is  rather  improbable,  it  would  be  thick  enough  to 
burn  in  two  or  three  years.  The  grasses  do  not  become  abundant 
enough  here  to  allow  of  burning.  The  weed  is  increasing  in  the  lower 
grassy  areas,  but  principally  in  that  region  which  now,  as  probably 
always,  is  producing  mainly  annual  grasses.  How  far  it  will  increase 
in  the  perennial-grass  areas  and  how  its  encroachments  within  and 
without  the  fence  will  compare  can  not  yet  be  satisfactorily  judged. 
It  must  be  remembered  that  it  takes  very  much  longer  to  secure 
positive  results  in  matters  of  this  kind  in  tins  region  of  scanty  rain- 
fall than  in  more  favored  localities.  There  are  indications  that  the 
plant  has  about  reached  the  limit  of  its  growth  here,  as  the  sheep 
weeds  have  elsewhere,  and  like  them  has  begun  to  die.  In  1909  a 
large  proportion  of  the  plants  were  dead  and  none  were  as  vigorous 
as  in  previous  years,  although  the  season  was  exceptionally  favorable. 

The  only  other  real  weed  is  the  loco  weed  (Lupinus  arizonicus). 
This  is  supposed  to  have  done  much  damage  to  the  horse  industry, 
but  does  not  appear  to  be  as  injurious  to  cattle.  So  serious  is  the 
matter  considered  that  at  least  one  rancher  in  the  vicinity  has  gone 
out  of  the  horse  business  entirely. 
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Flate  IV. 


Fig.  1.— Muhlenbergia  forteri  Growing  Under  the  Protection  of  a  Cat-c^aw. 


Fig.  2.— Isocoma  coronopifolia  Growing  on  Range  Land. 
TWO    GRASSES    GROWING     IN     THE    INCLOSED    AREA. 


YIELD   OF   VEGETATION. 
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This  lupine  is  an  annual  plant  which  grows  in  the  winter  rainy 
season.  It  is  conspicuous  in  the  southern  portion  of  the  inclosed 
area  in  February  and  March.  In  favorable  seasons  it  gives  its  char- 
acteristic blue  color  to  the  landscape  upon  hillsides  and  bluffs  along 
arroyos.  Even  this  plant  is  closely  grazed  by  cattle,  with,  as  already 
stated,  apparently  no  injury.  Upon  the  outside  of  the  area  it.  is 
grazed  as  closely  as  any  other  forage  plant  and  seems  to  be  as  readily 
destroyed  by  such  grazing  as  any  of  the  valuable  feeds.  In  the 
spring  of  1908  it  was  difficult  to  find  any  of  this  plant  outside  of  the 
fence  in  localities  where  it  has  been  very  abundant.  The  rayless 
golden-rod  is  the  only  conspicuous  weed  not  touched  by  stock. 

YIELD  OF  VEGETATION. 

During  the  time  that  the  area  has  been  under  fence  an  effort  has 
been  made  to  get  a  quantitative  estimate  of  the  amount  of  herbage 
produced  from  year  to  year.  The  estimate  is  based  upon  measure- 
ments of  definite  plats  scattered  over  the  entire  field  in  such  a  way 
as  judgment  dictated  would  give  an  average  yield.  Only  the  briefest 
outline  of  the  data  secured  is  given  here.  The  method  of  measure- 
ment is  given  in  Bulletin  67  of  this  series  and  need  not  be  repeated 
here  in  detail.  In  general  it  may  be  said  that  the  vegetation  of  plats 
containing  21  square  feet  was  measured,  these  plats,  eighteen  to 
twenty  in  number,  being  scattered  over  the  entire  field,  as  indicated 
in  Bulletin  67.  In  that  publication  a  more  or  less  detailed  discussion 
is  given  of  methods  employed  in  making  these  computations,  which 
need  not  be  repeated  here.  Inasmuch  as  these  are  more  or  less  esti- 
mates anyway,  it  is  not  important  that  in  this  paper  a  slightly  differ- 
ent method  of  computation  is  used  from  that  in  Bulletin  67.  The 
comparisons  are  not  altered. 

The  results  of  these  measurements  are  given  in  the  following  table: 

Table  I. — Average  yield  of  forage  on  plats  of 21  square  feet  each  in  the  fenced  area  on  the 

Coronado  National  Forest. 


Year. 

Season. 

Rainfall. 

Seasonal 
yield. 

Annual 
j'ield. 

Inches. 

Pounds. 

Pounds. 

1903 

/Spring 

\Summer 

3. 29 

7. 48 

520. 55 
270.  47 

}      791. 02 

1904 

/Spring 

(Siiinmer... 

2. 64 

8. 24 

14.13 
398.  32 

|      412. 45 

1905 

/Spring 

(Summer... 

20. 70 

6. 14 

799.  00 
375.  94 

}  1,174.94 

1906 

/Spring 

(Summer.. . 

9. 88 

3.27 

}      («) 

(a) 

1907 

/Spring 

(Summer... 

7. 98 

12.03 

435.  88 
715. 88 

}  1,151.76 

1908 

f  Spring 

(Summer. . . 

9. 36 

10. 67 

300.88 
924. 67 

}  1,225.55 

a  No  measurements. 
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In  the  production  of  the  two  crops  of  feed  which  we  have  in  the 
region  of  the  Coronado  National  Forest  two  seasons  of  rainfall  con- 
tribute. The  season  which  produces  the  spring  crop  is  much  more 
indefinite  than  the  one  producing  the  summer  crop  and  the  crops 
themselves  are  very  different.  The  spring  feed  consists  of  weedy 
annuals,  and  the  summer  feed  of  grasses,  both  annual  and  perennial. 

The  winter  rainy  season,  as  it  is  usually  called,  may  begin  as  early 
as  October  and  may  last  through  April,  or  it  may  be  foreshortened 
at  either  end  and  even  almost  disappear  at  times.  The  summer 
rainy  season,  on  the  other  hand,  is  short,  commonly  better  distributed, 
and  occurs  in  July,  August,  and  September.  In  the  column  in 
Table  I  showing  rainfall,  that  recorded  under  the  spring  season  fell 
between  October  and  April,  and  that  under  the  summer  season  in 
July  to  September.  The  rainfall  of  May  and  June  is  negligible  and 
seldom  has  any  influence  on  feed  production. 

The  rainfall  record  is  taken  in  the  204-acre  pasture  shown  on  the 
map  (fig.  1). 

In  a  general  way  Table  I  shows  that  the  yield  is  dependent 
upon  the  quantity  of  rainfall.  Quantity,  however,  is  not  the  only 
factor,  as  will  be  readily  seen.  Its  distribution  is  of  extreme 
importance.  This  feature  is  not  shown  in  the  table.  It  can  be 
shown  only  by  a  detailed  account  of  the  precipitation,  which  it  is 
not  considered  necessary  to  publish  at  this  time.  The  most  im- 
portant point  of  all  brought  out  by  the  table  is  the  comparative 
uniformity  of  production  during  the  last  years  and  the  increase  over 
earlier  years.  Both  of  these  facts  tend  to  show  that  the  production 
of  the  field  has  been  decidedly  on  the  increase  and  that  it  may  now 
be  at  its  maximum,  which  was  reached  in  about  three  years  after  its 
inclosure.  Whether  the  production  from  now  on  will  be  dependent 
upon  rainfall  alone  remains  to  be  seen,  but  so  far  as  these  records  go 
that  is  to  be  expected.  It  is  also  to  be  expected  that  from  now  on 
there  will  be  little,  if  any,  increase  in  production  due  entirely  to 
protection.  On  the  other  hand,  yield  alone  is  only  one  phase  of  the 
improvement  which  may  take  place.  As  pointed  out  elsewhere,  this 
improvement  may  be  as  much  a  matter  of  the  supplanting  of  annuals 
by  perennials  of  greater  value  as  it  is  of  actual  number  of  pounds  of 
feed  produced.  This  improvement,  it  is  believed  by  the  writer,  will 
take  place  to  some  extent  under  future  protection,  but  it  is  believed 
that  the  maximum  tonnage  has  been  reached  and  that  future  fluc- 
tuations will  be  due  in  largest  measure  to  variation  in  rainfall. 

The  general  correlation  between  the  rainfall  and  the  yield  of  forage 
is  of  course  very  striking,  as  rainfall  is  always  the  most  important 
factor  of  production  here.  But  the  production  of  520  pounds  of 
forage  on  3.29  inches  of  rainfall  in  the  spring  of  1903  is  out  of  all 
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Plate  V. 


Fig.  1 .— A  Badly  Overgrazed  Area  in  the  '*MacB.''  Pasture. 

The  greater  part  of  the  vegetation  consists  of  worthless  composites  and  eriogonums.     The  latter  are 
fairly  good  feed.     Photographed  in  September. 


Fig.  2.— Upper  Portion  of  the  590-Acre  Pasture,  Showing  Spring  Vegetation  under 

Heavy  Grazing. 


HEAVILY    GRAZED    PASTURES    IN    THE    SMALLER    INCLOSURE. 


INCREASE    OF    SHRUBS.  21 

proportion  to  the  production  of  only  14  pounds  on  2.64  inches  in 
1904.  As  a  matter  of  fact  nearly  2  inches  of  the  rainfall  which  pro- 
duced the  spring  crop  of  1904  fell  in  the  months  of  October  to  De- 
cember. Tins  served  to  germinate  the  seed  very  well,  but  there 
was  not  moisture  enough  in  the  spring  to  make  any  considerable 
growth.  This  is  a  good  illustration  of  the  influence  of  proper  dis- 
tribution of  moisture  as  well  as  proper  quantity. 

CARRYING  CAPACITY. 

As  stated  elsewhere,  the  large  field  has  not  yet  been  pastured,  the 
object  thus  far  being  to  study  recuperation  under  absolute  protection. 
The  only  data  secured  on  carrying  capacity  are  from  the  pastures 
under  private  cooperative  control  contiguous  to  the  upper  side  of 
this  held.  The  most  satisfactory  record,  all  things  considered,  is 
from  the  "MacB."  pasture.  (See  PI.  V,  fig.  1.)  The  record  is  short, 
but  even  the  first  year  after  being  inclosed  the  land  improved  very 
perceptibly  and  still  maintained  stock  at  the  rate  of  one  head  to  20 
acres.  It  should  be  stated  that  this  pasture  is  about  one-fourth  in 
the  oak  belt  and  the  remainder  in  the  open  grass  land  immediately 
below.  It  is  probably  the  best  pasture  land  in  this  region.  The 
204-acre  pasture  is  smaller  and  less  productive  by  far,  mainly  on 
account  of  thick  brush.  A  long  record,  reaching  over  five  years,  is 
available  for  this  pasture.  Four  burros  and  three  horses  run  short 
of  feed  in  this  pasture  occasionally.  Of  course,  the  brush  interferes 
with  the  growth  of  grass  somewhat.  On  the  other  hand,  the  mesquite 
(Prosopis  velutina)  furnishes  some  beans,  winch  are  a  valuable  for- 
age. Pasture  experiments  in  the  large  inclosure  were  begun  in  the 
summer  of  1909,  and  the  results  will  be  reported  later. 

INCREASE  OF  SHRUBS. 

Much  has  been  written  about  the  rapid  spread  of  the  mesquite 
(Prosopis  f/hndulosa)  and  other  shrubby  vegetation  in  Texas  since 
the  advent  of  flocks  and  herds,  but  the  development  of  this  class  of 
plants  is  so  much  slower  on  the  inclosed  area  referred  to  in  this  paper 
that  it  appears  to  have  been  in  a  large  measure  overlooked.  It  is, 
however,  taking  place  just  as  surely  as  in  Texas;  the  only  difference 
is  that  the  growth  is  much  less  than  half  as  rapid. 

The  year  previous  to  the  inclosure  of  the  large  field  a  small  crop  of 
hay  was  cut  over  the  best  portion  of  its  present  area.  This,  however, 
was  far  from  any  water.  Acres  were  harvested  where  there  was  no 
impediment  to  the  mower.  At  the  present  time,  six  years  later, 
there  is  not  an  acre  in  the  whole  field  where  there  are  no  shrubs  to 
interfere  with  the  machine.  They  are  still  small,  half  an  inch  to  an 
inch  in  diameter  at  the  base,  but  large  enough  to  stop  a  mower. 
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They  have  made  a  very  perceptible  increase  within  the  writer's 
acquaintance  with  the  area.  The  prediction  is  ventured  that  the 
time  is  coming  when  these  foothill  grassy  areas,  which  now  have  only 
an  occasional  small  shrub,  will  be  as  shrubby  as  the  deserts  and  lower 
foothills  below  them,  if  not  more  so. 

Some  of  these  shrubs  do,  of  course,  furnish  some  feed,  but  here,  as 
elsewhere,  their  growth  will  be  largely  at  the  expense  of  grasses. 
For  a  long  time  the  lower  foothills,  arroyos,  and  general  desert  mesas 
have  been  shrubby,  and  the  gently  sloping  tables  between  the  arroyos 
and  the  upper  foothills  are  slowly  becoming  so. 

It  will  doubtless  be  impossible  to  depict  all  the  agencies  that  are 
bringing  about  these  changes.  It  is  quite  certain  that  the  operations 
here  of  the  Bureau  of  Plant  Industry  have  had  no  influence,  for  the 
shrubbery  has  thickened  up  on  the  outside  of  the  inclosure,  where 
the  grazing  has  been  very  heavy,  apparently  as  much  as  on  the  inside. 
The  probability  is  that  neither  protection  nor  heavy  grazing  has  much 
to  do  with  the  increase  of  shrubs  here,  but  that  it  is  primarily  the  direct 
result  of  the  prevention  of  fires.  There  never  was  a  time  when  the 
shrubby  lower  foothills  and  desert  mesas  produced  vegetation  enough, 
except  in  limited  localities,  to  allow  fires  to  spread,  but  the  grassy 
foothills,  which  constitute  the  upper  half  of  our  inclosure,  produce 
sufficient  vegetation  to  burn  readily,  at  least  every  other  year,  at 
the  present  time.  Previously,  before  the  country  was  stocked,  it 
probably  produced  more  grass  than  it  does  now,  and  was  frequently 
burned  over,  the  fire  extending  as  far  down  as  vegetation  would  per- 
mit. Such  burning  did  comparatively  little  injury  to  the  grasses, 
but  was  very  destructive  to  all  small  shrubs ;  consequently,  these  were 
able  to  exist  only  along  the  sandy  washes,  where  the  grasses  were 
least  productive,  and  upon  the  lower  areas,  where  fires  did  not  molest 
them. 

Upon  the  brushy  deserts  below,  the  rainfall  is  so  scanty  that  the 
grass  produced  is  not  sufficient  to  allow  fires  to  spread.  Upon  the 
mountains  above,  the  moist  season  is  more  prolonged,  the  grass 
remains  green  longer,  and  the  surface  is  more  broken,  often  with 
sheer  declivities,  which  are  bare  of  vegetation,  all  of  which  render 
burning  less  probable.  It  must  be  remembered  that  frequent  burn- 
ings are  not  necessary  here  to  keep  down  brush.  Possibly  with  com- 
parative freedom  from  grazing  a  fire  once  in  ten  years  would  suffice 
in  such  an  area,  because  growth  is  very  slow. 

The  memory  of  early  stockmen  is  not  sufficiently  retentive  to  give 
us  much  reliable  information  regarding  the  location  and  density  of 
brush  upon  these  areas  when  their  operations  began,  so  it  is  necessary 
to  make  inferences  from  changes  which  are  occurring  now  under  the 
changed  conditions.     Trained  observers  have  hot  been  sufficiently 
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Plate  VI. 


Fig.  1,— An  Arroyo  Producing  Brush  and  Cacti  but  Very  Little  Grass. 


.' 
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Fig.   2.— Field  Containing   Baileya   multiradiata,  a  Conspicuous   Plant  about  the 
Lower  Border  of  the  Perennial-Grass  Region. 


AN  ARROYO  AND  A  PERENNIAL-GRASS  FIELD  !N  THE  INCLOSED  AREA. 


INCREASE    OF   SHRUBS.  23 

long  associated  with  the  conditions  or  interested  in  this  phase  of 
desert  vegetation  to  form  from  memory  accurate  judgments. 

It  is  true  that  the  grassy  belt  is  noticeably  not  continuous  in  these 
mountains  or  elsewhere,  but  on  the  other  hand,  the  desert  mesquite 
forest  often  extends  quite  to  the  beginning  of  the  real  mountain 
forest.  Such  a  condition  is  easily  accounted  for  by  local  influences. 
In  the  canyons  the  growth  of  timber  is  continuous  from  the  moun- 
tains to  the  desert,  and  in  places  on  the  ridges  andgently  sloping  mesas 
as  well  (PI.  VI,  fig.  1).  In  both  cases  the  writer  believes  this  condi- 
tion to  be  due  mainly  to  the  comparatively  low  fertility  of  the  soil 
in  these  situations,  assisted  in  the  canyons  b}'  the  excess  of  water. 
The  bottoms  of  the  canyons  are  less  productive  of  grass  here  to-day 
than  the  mesas  between,  owing  to  the  constant  shifting  of  the  sands  and 
the  washing  off  of  the  finer  particles  of  soil  by  the  frequently  changing 
courses  of  the  flood  waters.  Action  of  fires  was  therefore  less  pro- 
nounced in  the  canyons,  allowing  trees  and  shrubbery  to  get  started,  as 
well  as  when  they  did  get  started,  furnishing  greater  moisture  in  the 
subsoil. 

The  main  factor,  though,  in  the  opinion  of  the  writer,  has  been  that 
of  fire.  It  is  firmly  believed  that  were  it  not  for  the  influence  of  this 
factor  the  grassy  mesas  would  to-day  be  covered  with  brush  and 
trees,  the  same  as  the  canyons,  except  that  the  growth  would  be 
smaller,  owing  to  a  more  limited  supply  of  moisture.  In  short,  the 
same  laws  apply  here  that  govern  in  our  great  prairie  States  (see  PL 
VI,  fig.  2),  where  the  treeless  plains  were  kept  so  by  frequent  fires. 
It  is  a  very  conspicuous  fact  that  the  continuance  of  the  desert  forest, 
up  to  the  mountains  upon  the  mesas,  occurs  where  the  soil  is  poorest; 
in  other  words,  upon  the  lands  which  produced  least  grass,  and,  con- 
sequently, the  smallest  amount  of  food  for  fires.  This  fact  is  illus- 
trated in  one  of  the  pastures,  where  there  is  an  area  of  mesquite  upon 
the  gently  sloping  mesa.  But  this  area  is  naturally  poor  soil,  and  its 
poverty,  on  account  of  location  close  to  the  terminus  of  a  temporary 
stream,  has  been  aggregated  for  many  years  by  excessive  grazing. 
The  same  remarks  apply  to  the  region  just  north  of  Helvetia. 

The  spread  of  the  seed  of  the  mesquite  by  cattle  and  horses  eating 
the  beans,  thus  furnishing  a  good  culture  for  their  development, 
may  have  some  influence,  but  it  is  so  seldom  that  seedlings  are  met 
with  that  it  is  questionable  whether  cattle  or  horses  have  as  much 
influence  as  has  been  suggested.  They  probably  do  cause  a  more 
thorough  and  widespread  distribution,  but  probably  assist  the  spread 
of  shrubbery  more  by  eating  off  the  grass,  so  that  there  is  nothing  to 
burn,  than  they  do  by  distributing  the  seeds. 
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24  A   PROTECTED    STOCK   RANGE   IN    ARIZONA. 

SUMMARY. 

The  lands  under  consideration  in  this  paper  appear  to  regain  their 
original  productivity  in  approximately  three  years  of  complete  pro- 
tection. 

Evidence  thus  far  secured  seems  to  indicate  that  the  best  lands  in 
the  vicinity  will  improve  under  stocking  at  the  rate  of  one  bovine 
animal  to  20  acres.  The  poorer  lands  take  a  correspondingly  larger 
acreage  for  each  animal.  The  areas  that  will  carry  now  one  head  to 
20  acres  are  very  limited. 

Brush  and  timber  are  encroaching  upon  the  grass  lands,  due,  it  is 
believed,  to  protection  from  fires. 

A  ground  cover  is  not  a  factor  below  an  altitude  of  about  3,500  feet. 

Although  the  maximum  yield  of  forage  may  be  reached  in  about 
three  years  of  protection,  improvements  in  quality  of  forage  will 
probably  go  on  longer  through  the  continued  supplanting  of  annual 
plants  by  perennials  of  greater  value. 

Thus  far  alfilerilla  is  the  only  introduced  plant  which  has  succeeded, 
and  this  only  in  the  most  favored  situations.  It  does  not  appear 
to  thrive  in  competition  with  the  native  perennial  grasses  at  these 
altitudes  when  the  latter  are  not  grazed. 

None  of  the  other  two  hundred  lots  of  seed  sown  have  given  any 
promise  of  success  except  those  of  three  or  four  native  species.  These 
give  beneficial  results,  but  the  cost  is  high. 

Results  seem  to  be  secured  much  more  rapidly  by  proper  protection 
from  overgrazing  than  by  any  other  method. 
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